The potential energy curves of 10 doublet and 5 quartet low-lying electronic states of CaCl molecule have been investigated by using the Complete Active Space Self Consistent Field (CASSCF) with Multi Reference Configuration Interaction (MRCI) using effective core potential for both atoms. Based on the investigated PECs, the harmonic frequency ω e , the internuclear distance R e , the dipole moment, and the electronic energy with respect to the ground state T e have been calculated for the considered electronic states. A rovibrational study has been performed with the calculation of the eigenvalue E v , the rotational constant B v and the abscissas of the turning points R min and R max . The comparison between the values of the present work and those available in the literature for several electronic states shows a very good agreement. Nine new excited electronic states have been investigated here for the first time.
Potential-MWB basis set are chosen for both atoms from library of the MOLPRO software. Through the MCSCF/MRCI calculations, the wave function is under C 2v symmetry. The 1s 2 2s 2 2p 6 of both atoms were frozen in the MCSCF procedure. The number of closed-shell orbitals is 7 (3σ, 2π x , 2π y , 0δ) and the number of active orbitals is 5. The energies of PECs are calculated in the range of internuclear distances 1.5≤R≤11.5Å.
Results
The calculations for the doublet and quartet PECs, for the lowest 15 electronic states of the CaCl molecule, have been performed for the internuclear range 1.5Å≤R≤11.5Å in the representation 2s+1 Λ (+/-) (Figures 1-3) . The PECs of the low-lying electronic states intercross each other in several places which are displayed in Table 1 for all the considered electronic states. (1) 2 ∆ (4) 2 ∑ + 6.03
(1) 2 ∏ (2) 2 ∏ 4.60 3588.3
(2) 2 ∏ (3) 2 ∏ 5.98 601.7
(1) 4 ∑ + (1) 4 ∏ 5.07
In order to calculate the spectroscopic constants: transition energy with respect to the energy minimum for the ground state T e , equilibrium internuclear distance R e , harmonic frequency ω e and the rotational constants B e , the calculated potential energy values were fitted to a polynomial in R around the minimum. These values along with the experimental and theoretical data available in literature are displayed in Table 2 . Our MRCI computational equilibrium position is in good agreement compared with the experimental value of with a discrepant relative difference δR e /R e =3.7% for (X) 2 Σ + state. The comparison of the harmonic frequency ω e , calculated in the present work for the ground state, is in acceptable agreement by comparing to those given by (Domaille et al., 1977; Berg et al., 1978) with the relative differences 8.6% and 8.9% respectively. Similar results are obtained by comparing our calculated value of B e to those given in literature (Domaille et al., 1977; Berg et al., 1978) where the relative differences are 7.8% for (X) 2 Σ + state and 7.7% for (2) 2 Σ + state. Table 2 . Spectroscopic parameters T e (cm -1 ), R e (Å), ω e (cm -1 ) and B e (cm -1 ) for the ground and low-lying excited 2 Λ (+) states of CaCl molecule Domaille et al., 1977, (b) Berg et al., 1978, (c) Klynning et al., 1981, (d) Allouche, et al., 1993 .
The comparison of our calculated values of T e for the different investigated electronic states with the available experimental data in literature (Rice et al., 1985; Domaille et al., 1977; Huber et al., 1978) shows a very good agreement for the first excited states (1) 2 Π with relative difference δT e /T e =2.8% and this agreement becomes larger for the 2 excited electronic states (2) 2 Σ + and (2) 2 Π with the relative differences 12.4% and 14.8% respectively. The discrepancy between our calculated values of T e with the theoretical calculated values of the literature depends on the technique of calculation of these values; while the relative difference is 0.0%≤δT e /T e ≤6.5% using some techniques (Rice et al., 1985; Torring et al., 1989, with or without www.ccsenet.org/apr Applied Physics Research Vol. 6, No. 4; 2014 polarization) for the electronic states (1) 2 Π, (2) 2 Σ + and (2) 2 Π this relative difference becomes 7.2%≤δT e /T e ≤44.7% for other techniques (Rice et al., 1985; Torring et al., 1989 , with or without polarization) of calculation . One can notice that, by using one technique of calculation (Rice et al., 1985; Torring et al., 1989) there is a very good agreement with our results for the state (2) 2 Σ + where the relative difference is δT e /T e =0.0% while this agreement deteriorate by using the same technique of calculation for the state (1) 2 Δ where relative difference is δT e /T e =44.7%. The largest relative difference for this state is 56.8% which is corresponding to the value obtained by (Klynning et al., 1981) .
By using the canonical functions approach (Kobeissi et al., 1989; Korek et al., 1992; Korek et al., 1999) , the eigenvalue E v , the rotational constant B v , the centrifugal distortion constant D v , and the abscissas of the turning point R min and R max have been calculated for the investigated electronic states. Table 3 displays these results for the ground state up to v=101 as a sample (the data for the other states are available with authors). The comparison of our calculated values of E v , R min and R max to those obtained by (Rao et al., 1983) for the two states (X) 2 Σ + and (2) 2 Π, shows that our calculated values for E v are systematically larger with an average relative difference of 14.5% while our calculated values for R min and R max are in good agreement with an average relative difference 4.3%. Rao (1983) , b Rao (1983) , Lakshman & Rao's method, c Rao (1983) , Morse method.
The dipole moment is a fundamental electrostatic property for the description of numerous physical phenomena.
Our calculated values of the static dipole moments for the considered lowest-lying electronic as a function of the internuclear distance are given in Figures 4-6 . By comparing the positions of points of interaction of these curves with those of the potential energy curves (Figures 1-3) one can notice the agreement between the 3 positions of the avoided crossing of the PECs and the crossings of dipole moment curves (Table 1) . This agreement may confirm the validity and the accuracy of the calculation of the studied electronic states.
Conclusions
In summary, the potential energy curves for the ground and 14 low-lying excited electronic states of CaCl molecule have been reported at the MRCI level. The present results show that the PECs of excited states intercross one another in several places, which make the shapes of some PECs changed. Our calculated spectroscopic parameters and vibrational levels are in good agreement with the experimental data available in literature. The comparison of these data with the theoretical results in the literature shows a very good agreement using some techniques of calculation while the agreement deteriorates for other techniques even for the same electronic state. However, there is no comparison for some molecular properties predicted for the investigated electronic states by the present work since they are calculated here for the first time. So, we believe that the present results for both the ground state and low-lying excited electronic states based, on ab initio calculations, can encourage more investigations for the molecule CaCl.
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